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Summary
The diagnosis o f t r a n s i e n t
renal tubular a c i d o s i s was made i n a 16 months o l d boy. Bicarbonate t i t r a t i o n studies revealed t h a t the a c i d i f i c a t i o n defect consisted o f an a s s o c i a t i o n o f proximal and d i s t a l tubular acidosis. The e f f e c t of experimentally induced potassium d e p l e t i o n revealed t h a t hyperkalemia c o n t r i b u t e d t o the a c i d i f i c a t i o n defect. A f t e r c o r r e c t i o n o f the a c i d i f i c a t i o n
disorder a defect i n u r i n a r y concentration was s t i l l present.
Speculation
The d i f f e r e n t t u b u l a r defects o f t r a n s i e n t renal tubular a c i d o s i s are due t o r e v e r s i b l e ( t o x i c ) damage o f the t u b u l a r membrane. Assessment o f d i s t a l tubular H+ s e c r e t i o n by measurement o f (U-B)pC02 a f t e r o r a l NAHC03 a d m i n i s t r a t i o n i s impossible i n p a t i e n t s w i t h decreased u r i n a r y concentration c a p a c i t y . The incidence o f t r a n s i e n t renal t u b u l a r a c i d o s i s (R.T.A.) reached a peak between 1948 and 1953. This c o n d i t i o n was f i r s t c a l l e d i d i o p a t h i c renal a c i d o s i s i n infancy and subsequently t r a n s i e n t R.T.A. (12) . The c l i n i c a l p i c t u r e and biochemical disorder as w e l l as longterm prognosis have been studied i n great d e t a i l (2,3,4.13) .
However accurate biochemical micro-methods f o r c l i n i c a l use a l l o w i n g a d e t a i l e d study o f the pathophysiologic characteri s t i c s o f the a c i d i f i c a t i o n defect were lacking a t t h a t time. i n recent years few cases o f t r a n s i e n t R.T.A. have been published (7, 11, 14, 15) . We report a case o f t r a n s i e n t R.T.A. i n which a d e t a i l e d a n a l y s i s o f the a c i d i f i c a t i o n defect was made. CASE REPORT S.L.. a white boy, was 16 months o l d on h o s p i t a l admission. He was the f i r s t c h i l d o f non-consanguinous parents. His younger s i s t e r was i n good h e a l t h and had normal l e v e l s o f bicarbonate i n serum. The c h i l d was admitted because o f apathy, vomiting. anorexia and f r e t f u l l n e s s . He received no medications before admission. Height was 83.5 cm (P50) and weight 8.9 kg (PIO). Physical examinat i o n revealed s l i g h t hypotonia but no o t h e r abnormalities. Bloodpressure was 90/70 mmHg. Blood data: Hb 8.0 ml/l, Hematocrit (CV) 425, Blood pH 7.21 and bag-excess -14.5 ml/l, plasma e l e c t r o l y t e s : ~a + 141. K 5.1 t o 6.I.CI 117. Ca 2.44 and P. 1.82 ml/l. Serum c r e a t i n i n e was 27 umol/l, urea 5.0 ml/l and a l k a l i n e phbsphatase 300 IU (normal), Parathyroid hormone was 0.23 ug aeq PTH/I (normal). The s e r m imnunoglobulins were normal (igM 1.6, lgG 4.7. igA 0.88 g / l and l g 0 26 IU/ml). No plasma imnune complexes were demonstrated using a n t i IgG and lgM. G-6PD wts 14.1 IU/g Hb (normal). The u r i n e production was 1280-1557 m1/24 h r x 1.73 m . The u r i n e showed no abnormalities and the u r i n e c u l t u r e was negative. Urine pH was c o n s i s t e n t l y above 7.0. A l l values o f glomerular f i l t r a t i o n r a t e estimated by i n u l i n and by endogenous c r e a t i n i n e clearance were w i t h i n normal l i m i t s ( i n u l i n 102-130, c r e a t i n i n e 118-135 ml/min x 1.73 m2). Tubular reabsorption o f phosphate was normal (90%). The p a t t e r n o f u r i n a r y aminoacid e x c r e t i o n was normal. No glucosuria was present. The maximal u r i n a r y o s m o l a l i t y a f t e r t h i r s t i n g was 604 m0sm. Urinary calcium e x c r e t i o n was infused a t an h o u r l y r a t e of 1.1 -2.7 mrrol/kg. Before the t e s t a m n i u m c h l o r i d e was administrated t o decrease serumbicarbonate concentration below 12 m l / l . U r i n a r y e x c r e t ' o n o f hydrogen ion was assessed a f t e r o r a l adminis t r a t i o n o f 100 mEq per m i o f body surface o f anmonium c h l o r i d e . Water was administrated throughout the t e s t a t the r a t e o f 50 ml per hour. Bloodsamples were obtained through an i n d w e l l i n g needle placed i n a s u p e r f i c i a l vein. Urine was c o l l e c t e d through and i n d w e l l i n g u r e t h r a l catheter by a disposable syringe and examined i m e d i a t e l y . To assess the H+ s e c r e t i n g capacity o f the d i s t a l tubule the d i f f e r e n c e between u r i n e and blood pCO [(U-B)~CO~] was assessed f o l l o w i n g the method described by H a l p e r i n e t a l ?6), which was adapted t o c h i l d r e n by Hutcheon e t a l ( 8 ) . These studies were done on f i r s t admission and a f t e r complete recovery. I t must be mentioned t h a t i n a l l studies the concentration o f bicarbonate i n plasma [tiCOj)p! and i n u r i n e [(HCOj)u] were obtained by d i r e c t measurement o f t o t a l c a r b o n d j o x~d e (TC.02) a c c o r d~n g t o a method described e a r l i e r (17) . Plasma bicarbonate was c a l c u l a t e d from (TCO2)p by s u b s t r a c t i o n o f the disolved carbondioxide ( a x pCO2, w h e r e a i s 0.0304 mM/mnHg). For the c a l c u l a t i o n o f the u r i n a r y bicarbonate concentration the s o l u b i l i t y c o e f f i c i e n t b) o f p h y s i o l o g i c a l s a l i n e a t 37' C . was used (0.0326 mM/mnHg). During the f i r s t admission maximal a c i d e x c r e t i o n a f t e r an acute ammonium c h l o r i d e load was a l s o i n v e s t i g a t e d a f t e r potassium d e p l e t i o n induced by a low potassium d i e t i n combination w i t h a potassium b i n d i n g r e s i n (Kayexalate). Plasma r e n i n a c t i v i t y and aldosterone and 24 hours u r i n a r y 
E. were w i t h i n normal l i m i t s ( t a b l e I ) . During the bicarbonate i n f u s i o n t e s t ( f i g . 2 ) bicarbonate
was completely reabsorbed a t (HCO-) l e v e l s less than 18 ml/l, when the (HC03) l e v I s were f u r t h e r increazed negl i g i b l e amounts o f bicarbonate were excreted ('HCO-/C x 100 less than 1%). Only a t (HCO-)P above 25 mmol/l s i g n i f i c a n t bisarbgnaturia was found. The (U-B)pCO d a s u r e d a f t e r o r a l bicarbonate loading revealed values less than 20 &~g . The a b i l i t y t o concent r a t e u r i n e a f t e r t h i r s t i n g was s t i l l impaired (644 mOsm). ( t a b l e 11).
DISCUSSION
Lightwood and colleagues described a t r a n s i e n t type o f renal tubular a c i d o s i s i n Infants (13) . The pathophysiology of the a c i d o s i s i n these i n f a n t s was unknown. Latner and Burnard (10) presented evidence f o r a defect i n bicarbonate reabsorption but o t h e r studies a l s o showed t h a t i n those p a t i e n t s there was an i n a b i l i t y t o a c i d i f y the u r i n e adequately (13) . Therefore Lightwood's syndrome was defined as a form o f d i s t a l renal tubular acidosis o f t e n associated w i t h bicarbonate wasting. Leumann and Steinman (10) and Hirschman e t a l (7) i d e n t i f i e d a p a t i e n t w i t h t r a n s i e n t tubular acidosis and bicarbonate wasting. The bicarbonate t i t r a t i o n studies d i d not a l l a * t o i m p l i c a t e a defect i n the reabsorption o f bicarbonate i n the proximal tubule. Hyperkalemia was not reported i n these p a t i e n t s . Mc .Sherry e t a1 reported the occurrence o f t r a n s i e n t renal t u b u l a r a c i d o s i s and hyperkalemia i n i n f a n t s . The u r i n e o f these p a t i e n t s was a c i d i c during spontaneously o c c u r r i n g acidosis and the reabsorption o f f i l t e r e d bicarbonate was subnormal a t normal plasma bicarbonate concentrations (14) . Our data suggest t h a t i n our p a t i e n t both proximal and d i s t a l a c i d i f i c a t i o n mechanisms are involved i n the disease process. The f i n d i n g o f a high u r i n a r y pH and impaired a c i d e x c r e t i o n i n the presence o f severe metabolic acidosis i n d
i c a t e s t h a t impairment o f renal a c i d e x c r e t i o n ( d i s t a l R.T.A.) i s a t l e a s t i n p a r t responsible f o r the metabolic acidosis. For i t s sustained c o r r e c t i o n the a c i d o s i s required a l k a l i therapy i n amounts of 15 m l / k g B W d a i l y ( f i g . 3 ) . The difference i n a l k a l i requirment w i t h endogenous produced non v o l a t i l e acids ( l e s s than 3 m l / k g B W x day) r e f l e c t s the magnitude o f HCO-wasting a t normal (HCO-)p values (HCO-wasting R.T.A.).

The bicarbonate t i t r a t i o n curve showed a trivial ( l e s than 4%) and r e l a t i v e l y f i x e d f r a c t i o n a l e x c r e t i o n of f i l t e r e d bicarbonate ('HC03/C. ) over values ranging from 12 t o 18 mnol/l as found i n p a t i e n t s w i l t c l a s s i c d i z t a l t u b u l a r acidosis, but when the (HCO-)p was increased above 18 ml/l, HCOwasting was dependent on the f i l t e r a d load and increased t o values as higA as 15% of f i l t e r e d load, as found i n p a t i e n t s w i t h proximal tubular acidosis. H a l p e r i n e t a l (6) have argued t h a t a f t e r a d m i n i s t r a t i o n o f large amounts o f bicarbonate r e s u l t i n g i n t o maximal ~l k a l i n e u r i n e the i n a b i l i t y t o increase u r i n a r y pCO i s i n d i c a t i v e f o r an H s e c r e t i o n r a t e defect i n the d i s t a l
tubule. he: found i n v a r i a b l y (U-B)pC02 values less than 12 mnHg i n p a t i e n t s w i t h d i s t a l R.T.A..
Ouring a c i d o s i s as w e l l as a f t e r recovery we found our p a t i e n t t o have pCO2 (U-B) values higher than 12 mnHg but lower than reported i n normal c h i l d r e n and a d u l t s ( t a b l e 11). Arruda e t a l (1) have demonstrated t h a t u r i n a r y pCO i s c r i t i c a l l y dependent on (HCO-)U values and therefore the a b i l i t y t o conce6trate the u r i n e i s e s s e n t i a l f o r 3 t h e formation o f high u r i n a r y pCO . The persistence o f a d e f e c t i v e u r i n e concentration capacity i n our patient2may have c o n t r i b u t e d t o the reduced (U-B)pCO values. Our observ a t i o n c r i t i z e s the usefullness o f t h i s t e s t i n assessin: d i s t a l a c i d i f i c a t i o n . We obtained more information on the H secretory capacity o f renal tubules by inducing potassium depletion. During low po diet and Kayexalate a d m i n i s t r a t i o n i n our p a t i e n t o n l y small amounts of NaHCO (2.5 g per day o r 3 m o l / k g BW) were s u f f i c i e n t t o compensate acidosis. N H~C I loading during K+-depletion d i d .not decrease u r i n a r y pH below 7.0, b i c a r b o i a t u r i a p e r s i s t e d but an important increase i n T.A. and NH + r e s u l t i n g i n p s l t i v e N.A.E. were noticed. I n healthy subjects K+ d e p t e t i o n induced by a potassium binding r e s i n was not associated w i t h any change i n blood acid-base parameters. The response t o an acute a m n i u r n c h l o r i d e load however was a l t e r e d and showed a moderate increase o f u r i n a r y pH, unchanged e x c r e t i o n o f T.A. and bicarbonate but an 15% increase i n a m n i u m e x c r e t i o n r e s u l t i n g i n increased N.A.E. (19) . I n a d u l t s w i t h hyperkalemia, metabolic a c i d o s i s and i s o l a t e d hypoaldosteronism, the a c i d i f i c a t i o n defect i s s i m i l a r t o t h a t observed i n p a t i e n t s w i t h proximal R.T.A. but u r i n a r y a m n i u m e x c r e t i o n i s g r e a t l y reduced even when the u r i n e i s h i g h l y a c i d i c (16) . Administration o f potassium-sodium exchange resins i n these p a t i e n t s c o r r e c t s a c i d o s i s and u r i n a r y a m n i u m e x c r e t i o n increases manifold ( 1 8 ) . I n our p a t i e n t potassium d e p l e t i o n o n l y p a r t l y corrected the a c i d i f i c a t i o n defect. P e r s i s t i n g hyperkalemia always r e f l e c t s i n s u f f i c i e n t t u b u l a r s e c r e t i o n o f potassium ions and potassium secretion i s c r i t i c a l l y dependent on a normal a b i l i t y o f adrenal gland t o secrete aldosterone. Aldosterone s e c r e t i o n was tested i n our p a t i e n t i n d i f f e r e n t c l i n i c a l conditions and was appropriate ( t a b l e I l l ) . From the data c o l l e c t e d i n our p a t i e n t we concluded t h a t beside d i s t a l t u b u l a r acidosis another defect i n renal a c i d i f i c a t i o n was present presumably due t o a defect i n potassium secretion. These findings appear t o r e f l e c t a h y b r i d o f types I and 4 R.T.A.. A f t e r c o r r e c t i o n o f the a c i d i f i c a t i o n disorder a defect i n u r i n a r y concentration was s t i l l present without h y p k a l e m i a o r nephrocalcinosis. W e therefore p o s t u l a t e t h a t the d i f f e r e n t defects are due t o r e v e r s i b l e ( t o x i c ) damage o f t u b u l a r membrane. The differences i n expression o f tubular defects i n p a t i e n t s w i t h t r a n s i e n t t u b u l a r a c i d o s i s reported i n the l i t t e r a t u r e are i n accordance w i t h t h i s hypothesis. W e wish t o thank Prof.0r. K. van Acker and Prof.0r. R.Scarp€ f o r the plasma r e n i n and plasma and u r i n a r y aldosterone d e t e r m i n a t i o n r . 
